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Activity age height (m) weight (kg)
Non-Athlete N 80 80 80
Mean 48.6875 1.61830 84.06625
Minimum 22.00 1.480 61.010
Maximum 65.00 1.740 118.980
Std. Deviation 10.59686 .055026 12.122112
Athlete N 169 169 169
Mean 19.9519 1.68680 66.70846
Minimum 17.90 1.412 48.862
Maximum 24.44 1.937 101.601
Std. Deviation 1.21077 .079921 10.707573
Total N 249 249 249
Mean 29.1842 1.66479 72.28526
Minimum 17.90 1.412 48.862
Maximum 65.00 1.937 118.980







































Mean	 23.03 .74 .432 .070	 21.5	 29.436
Minimum	 19.14 .63 .391 .065	 10.2	 22.096
Maximum	 25.83 .80 .475 .074	 29.3	 33.960
Standard	
Deviation	
1.83 .04 .020 .002	 4.7	 3.150
Total	N	 30 30 30 30	 30	 30
Tennis	 Mean	 22.96 .67 .413 .065	 17.6	 29.412
Minimum	 19.26 .48 .295 .049	 12.9	 22.969
Maximum	 27.84 .74 .449 .071	 22.7	 37.420
Standard	
Deviation	
2.45 .08 .048 .007	 3.1	 4.101
Total	N	 9 9 9 9	 9	 9
Golf	 Mean	 22.86 .78 .465 .075	 27.4	 29.112
Minimum	 20.10 .70 .406 .070	 19.8	 24.328
Maximum	 26.09 .96 .553 .085	 36.1	 34.485
Standard	
Deviation	
2.31 .09 .047 .005	 6.1	 3.956
Total	N	 7 7 7 7	 7	 7
Track	&	Field	 Mean	 23.66 .70 .417 .066	 15.3	 30.169
Minimum	 18.22 .59 .343 .062	 4.4	 20.243
Maximum	 35.62 .91 .554 .070	 35.1	 46.845
Standard	
Deviation	
4.41 .08 .047 .002	 7.8	 6.683
Total	N	 26 26 26 26	 26	 26
Rifle	 Mean	 21.72 .68 .424 .069	 27.4	 27.012
Minimum	 19.80 .65 .406 .064	 22.5	 23.349
Maximum	 24.15 .73 .434 .073	 30.5	 31.334
Standard	
Deviation	
2.22 .04 .016 .005	 4.3	 4.033
Total	N	 3 3 3 3	 3	 3
Soccer	 Mean	 22.90 .67 .404 .065	 19.3	 29.237
Minimum	 19.17 .60 .364 .059	 13.7	 22.580
Maximum	 26.90 .78 .463 .068	 32.3	 35.928
Standard	
Deviation	
2.12 .05 .024 .002	 4.2	 3.653





Volleyball	 Mean	 22.83 .72 .397 .066	 20.5	 29.219
Minimum	 19.66 .66 .366 .063	 12.4	 23.716
Maximum	 25.84 .82 .425 .070	 31.9	 34.235
Standard	
Deviation	
1.74 .04 .018 .002	 5.2	 2.972
Total	N	 14 14 14 14	 14	 14
Basketball	 Mean	 24.76 .73 .416 .065	 19.4	 32.362
Minimum	 21.63 .65 .384 .062	 9.5	 27.264
Maximum	 26.83 .79 .453 .069	 27.9	 35.532
Standard	
Deviation	
1.89 .04 .025 .002	 5.6	 3.028
Total	N	 9 9 9 9	 9	 9
Gymnastics	 Mean	 23.22 .70 .436 .068	 19.9	 29.789
Minimum	 20.25 .65 .413 .064	 11.9	 24.306
Maximum	 27.31 .79 .487 .071	 28.1	 36.216
Standard	
Deviation	
1.82 .04 .022 .002	 4.7	 3.042
Total	N	 17 17 17 17	 17	 17
Softball	 Mean	 25.84 .75 .445 .066	 24.3	 33.916
Minimum	 20.71 .63 .374 .061	 13.5	 25.553
Maximum	 34.14 .96 .570 .071	 34.5	 45.305
Standard	
Deviation	
3.03 .07 .045 .003	 4.8	 4.363
Total	N	 24 24 24 24	 24	 24
Cross	Country	 Mean	 20.06 .69 .413 .072	 15.3	 23.974
Minimum	 17.22 .64 .373 .070	 2.5	 18.413
Maximum	 22.25 .74 .447 .078	 24.0	 27.976
Standard	
Deviation	
1.46 .03 .018 .002	 5.9	 2.827
Total	N	 11 11 11 11	 11	 11
All	Athletes	 Mean	 23.38 .72 .424 .068	 20.1	 29.922
Minimum	 17.22 .48 .295 .049	 2.5	 18.413
Maximum	 35.62 .96 .570 .085	 36.1	 46.845
Standard	
Deviation	
2.91 .06 .365 .004	 6.3	 4.656
Total	N	 169 169 169 169	 169	 169
Unaffiliated	 Mean	 32.03 .97 .599 .076	 44.2	 44.783
Minimum 25.10 .77 .490 .067	 31.0	 36.498
Maximum 40.80 1.20 .727 .090	 54.9	 52.363
Standard 
Deviation	
3.70 .10 .058 .004	 4.8	 3.948



































































































































%	Fat	 ‐0.55	 3.45	 ‐1.32	 0.22	 1.42	 0.159	
CUN‐BAE	
	
	 In	a	paired	comparison	(t‐test)	the	measured	body	fat	percentage	(from	the	
Bod	Pod®)	to	the	theoretical	body	fat	percentage	(CUN‐BAE),	no	significant	
difference	was	noticed	in	the	means	of	the	Non‐Athlete	group.	However,	in	the	
Athlete	group	a	significant	difference	was	observed	between	the	means.		These	
results	indicate	that	the	CUN‐BAE	algorithm	may	be	applicable	in	estimating	body	
fat	percentage	in	overweight/obese	females,	but	not	in	female	collegiate	athletes.			
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Chapter	5	
Discussion	
	
The	purpose	of	this	study	was	to	examine	the	effectiveness	of	
anthropometric	based	formulas	in	predicting	body	fat.	The	WSI,	ABSI,	BMI,	and	
waist	circumference	were	all	regressed	with	measured	body	fat	percentage	to	
determine	the	predictability	of	each	formula.	A	newer	algorithm,	CUN‐BAE,	actually	
predicts	body	fat	percentage	based	on	an	individual’s	BMI,	age	and	sex.	The	results	
with	this	formula	were	compared	with	the	results	of	measured	body	fat	percentage	
in	the	subjects.	
Findings		
The	first	objective	of	this	study	was	to	determine	if	other	anthropometric‐
based	formulas	would	predict	body	fat	percentage	comparatively	to	the	BMI.	It	was	
hypothesized	that	the	predictive	power	of	these	formulas	would	be	stronger	in	the	
Non‐Athlete	group.	In	comparing	linear	regression	of	BMI	to	%Fat,	the	Non‐Athlete	
group	had	an	R2	value	of	0.475	whereas	the	Athlete	group	value	was	0.360.	These	
results	are	in	favor	of	the	hypothesis.	The	opposite	was	found	in	the	case	with	waist	
circumference,	the	Non‐Athlete	group	had	a	predictive	value	of	0.335	while	the	
Athlete	group	value	was	0.478.	The	same	circumstances	were	observed	with	the	
results	of	WSI	where	the	Non‐Athlete	group’s	predictive	value	was	0.367	and	the	
value	for	the	Athlete	group	was	0.414.	The	ABSI,	despite	having	significantly	weak	
values	for	both	groups,	also	found	the	predictive	value	to	be	weaker	for	the	Non‐
Athlete	group;	the	R2	value	was	0.013	while	for	the	athletes	it	was	0.26.		Considering	
that	WSI	and	ABSI	both	account	for	waist	circumference	in	their	formulas,	it	seems	
fitting	that	the	predictability	for	all	would	have	strength	with	the	same	group.	The	
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results	of	the	linear	regressions	of	ABSI,	WSI,	and	WC	with	%Fat	all	oppose	the	
hypothesis.			
	 Although	the	predictive	power	was	examined	to	determine	if	there	was	a	
difference	in	predictability	between	athletes	and	overweight/obese	non‐athletes,	
the	values	were	not	significantly	dissimilar	with	the	exception	of	the	ABSI,	which	
was	considerably	weaker	than	the	other	algorithms.	It	must	be	considered	however	
that	ABSI	was	developed	in	order	to	predict	mortality,	not	body	fat	percentage.	
Variability	was	also	observed	among	the	individual	teams.	There	were	no	studies	
found	comparing	these	algorithms	in	athletes	and	non‐athletes.	There	is	literature	
that	supports	these	similarities	in	clinical	studies	(Flegal,	et	al.,	2009).	Evidence	in	
support	of	each	algorithm	is	growing	as	well.		
	 The	second	objective	in	the	present	study	was	to	determine	if	an	
anthropometric	based	algorithm	could	predict	body	fat	percentage	comparatively	to	
a	validated	instrument	that	distinguishes	fat	mass	from	fat	free	mass.	The	
hypothesis	was	that	the	accuracy	of	the	CUN‐BAE	algorithm	would	vary	between	
athletes	and	non‐athletes.		A	paired	t‐test	was	performed	between	the	mean	of	the	
measured	body	fat	%	and	the	CUN‐BAE	estimated	body	fat	%.		The	values	were	
paired	into	the	Athlete	or	Non‐Athlete	group.		The	results	were	in	favor	of	the	
hypothesis.	The	mean	body	fat	percentage	in	the	Athlete	pair	was	20.1%	and	the	
mean	value	of	the	CUN‐BAE	estimate	was	29.9%.	The	significance	value	of	0.000	
indicates	that	a	significant	difference	exists	between	the	means	of	the	measured	
body	fat	percentage	and	the	estimated	body	fat	percentage.	In	the	Non‐Athlete	pair,	
the	significance	value	was	0.159,	which	signifies	that	no	significant	difference	was	
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observed	between	the	means	of	the	measured	body	fat	percentage	and	that	of	the	
estimated.	The	means	of	the	body	fat	percentage	and	the	CUN‐BAE	estimate	were	
44.2%	and	44.8%	respectively.		
	 Literature	on	the	viability	of	the	CUN‐BAE	equation	is	limited	and	clinical	
studies	are	emerging	and	controversial	at	this	time.	This	study	coincides	with	the	
notion	that	this	equation	may	not	be	applicable	in	all	situations.				
Since	diverse	sports	require	different	body	compositions	in	order	to	optimize	
performance	it	is	very	important	that	athletes’	body	composition	be	scrutinized	
beyond	the	BMI	in	order	to	ensure	accuracy,	and	so	that	their	actual	health	and	any	
potential	risks	can	be	assessed.	A	study	by	Santos	and	colleagues	has	established	a	
framework	of	references	for	body	composition	and	anthropometric	measurements	
for	various	sports	for	males	and	females	(Santos,	et	al.,	2014).	
	
Limitations	
	 In	addition	to	only	involving	females,	the	samples	used	for	this	study	are	a	
small	representation	of	the	population	of	female	collegiate	athletes	and	
overweight/obese	females.	Also,	it	is	known	that	the	female	athletes	have	very	
active	lifestyles	whereas	the	activity	level	of	the	obese	females	is	unknown.	The	
sample	sizes	were	very	dissimilar	as	well.		There	are	many	alternative	algorithms	
available,	this	study	only	evaluated	a	small	percentage.	
Future	Research	
	 Future	research	should	explore	these	algorithms	with	the	impact	of	other	
influential	factors	such	as	activity	level,	diet,	sex,	and	ethnicity.		It	would	also	be	
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more	beneficial	to	scrutinize	the	subjects’	body	composition	beyond	the	body	fat	
percentage,	but	could	also	evaluate	adipose	deposition.		
Conclusion	
	 This	study	provides	evidence	that	anthropometric	based	algorithms	are	
lacking	in	strength	of	predicting	body	composition	across	diverse	populations.		The	
reliability	of	these	formulas	varies	within	individual	populations	so	more	research	is	
needed	in	order	to	determine	their	most	useful	applications.		Presently,	indirect	
evaluation	of	body	composition	proves	the	most	accurate	in	determining	body	fat	
percentage	and	furthermore	has	the	capability	of	determining	the	deposition	of	
adipose	tissues.	These	methods	should	be	employed	when	determining	the	health	
risks	of	individuals	in	order	to	avoid	the	potential	fallacies	that	anthropometric‐
based	formulas	can	diagnose	and/or	misdiagnose.	
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